Crude glycosaminoglycans (GAG) separated from normal human urine by cetylpyridinium chloride-precipitation were fractionated with ethanol. The resulting fractions were then examined by electrophoresis on cellulose acetate membranes before and after enzymatic digestions and nitrous acid treat ment. Analytical data for these fractions and the electrophoretograms sug gested that ethanol-fractionation was useful to separate roughly chondroitin sulfate A, C-type GAG and heparan sulfate in human urine. glycosaminoglycan; human urine; urinary glycosaminoglycans
It has been shown that urinary glycosaminoglycans (GAG) were heterogeneous mixtures of partially depolymerized and partially desulfated products of tissue GAG (Varadi et al. 1967; Orii 1968; Constantopoulos et al. 1969; Murata et al. 1971; Ohkawa et al. 1972; Endo et al. 1974 Endo et al. , 1979 . Most of these investigators fraction ated urinary GAG by the methods based on their difference in negative charge. Although the ethanolfractionation method of Meyer et al. (1956) has been used for fractionation of tissue GAG, there were few reports (Kelley et al. 1963 ; Linker and Terry 1963) which used ethanol for fractionation of urinary GAG.
In this paper, we tried to apply a modification of the method of Meyer et al.
(1956) for fractionation of urinary GAG, and found that this method was useful to separate roughly chondroitin sulfate A, C-type GAG and heparan sulfate.
MATERIALS AND METHODS

Materials.
Standard preparations of GAG were supplied by Dr. M.B. Mathews. Chondroitin was prepared by the method of Kantor and Schubert (1957) from chondroitin sulfate C. Streptomyces hyaluronidase, chondroitinase AC-II, chondroitinase ABC, cellulose acetate membrane (Separax), alcian blue 8GS and toluidine blue were the same as reported previously (Endo et al. 1978 (Endo et al. , 1979 . Other materials were commerical products.
Separation of crude GAG from urine. Crude GAG were separated from pooled normal human urine (10 liters) by the procedures, involving CPC-precipitation, as reported previously (Endo et al. 1974 ).
Fractionation of crude GAG with ethanol. The above crude GAG were fractionated with ethanol by a modification of the method of Meyer et al. (1956) . The crude GAG (187 mg) was dissolved in 10 ml of 0.5 M acetic acid containing 5% calcium acetate. Ethanol was added to the solution to a final concentration of 10% with stirring at room temperature, and the mixture was left to stand for 1 hr at room temperature. The precipitates were collected by centrifugation. The supernatant was further fractionated with ethanol at concentrations of 20, 30, 40, 50, 60, 70 and 80%, in succession, by the same procedure. The precipitates thus obtained at each concentration of ethanol were dissolved in water, dialyzed and lyophilized. The fractions obtained at these ethanol concentrations were designated as 10% Fr, 20% Fr, .... , 70% Fr, and 80% Fr.
Electrophoresis. Electrophoresis on cellulose acetate membrane was carried out as reported previously (Endo and Yosizawa 1975) .
Enzymatic digestion with mucopolysaccharidases. Each fraction was digested with Streptomyces hyaluronidase by the method of Ohya and Kaneko (1970) as described previously (Endo et al. 1978) . After the incubation, 4 volumes of ethanol saturated with NaCl were added to the incubation mixture, and the mixture was cooled in ice-water. The precipitates were collected by centrifugation, followed by washing with 80% ethanol containing NaCl then with 99% ethanol and ether, and dried over CaCl2 in vacuo. The dried material was then digested with chondroitinase AC-II by the procedure of Yamagata et al. (1968;  as described previously (Endo et al. 1978) , followed by the same treatment as above. The material remained after chondroitinase AC digestion was further digested with chondroitinase ABC by the procedure of Yamagata et al. (1968) as described previously (Endo et al 1978) , then treated as above. 
RESULTS
AND DISCUSSION
Separation and fractionation of urinary GAG Ten-liters of normal human urine yielded 187 mg of crude GAG . The yields of the fractions obtained from the crude GAG by fractionation with ethanol are shown in Table 1 . Recovery of total fractions was 70 .3% from the starting crude GAG, and approximately 80% of total fractions was precipitated between 20 and 50% ethanol concentrations. •õ Percent recovery in total.
Analytical data for the fractions Analytical data for the fractions are listed in Tables 2 and 3 . The relative contents of protein and hexose to total hexosamine in 10% Fr, 20% Fr, and 30% Fr were higher than those in other fractions, while the relative contents of uronic acid to total hexosamine were higher in 30% Fr, 40% Fr, and 50% Fr than those in other fractions. N-Sulfoglucosamine was rich in 30% Fr, 20% Fr, and 40% Fr, but it was not detected in 60% Fr, 70% Fr, and 80% Fr. Although glucosamine •õ Total hexosamine. and galactosamine were found in all the fractions, the relative contents of the former in 10% Fr, 20% Fr, 30% Fr, 70% Fr, and 80% Fr were higher than those of the latter. Reverse relationship was found in 40% Fr, 50% Fr, and 60% Fr, suggesting that these fractions contained much more chondroitin sulfate A, C-type GAG than other fractions.
Electrophoresis on cellulose acetate membrane Electrophoretograms on cellulose acetate membranes of the fractions before and after enzymatic digestion and nitrous acid treatment are shown in Figs. 1 and 2 . All of these fractions contained several components. No noticeable change of the electrophoretograms was observed after digestion of these fractions with Streptomcyes hyaluronidase. The results indicated that normal human urine did not contain a much amount of hyaluronic acid, which was in agreement with the previous reports (Berenson and Dalferes 1965; Varadi et al. 1967) . Since some of the substances in 10% Fr, 20% Fr, and 30% Fr did not migrate, they might be glycoproteins. The fastest moving bands stained metachromatically with toluidine blue in all the fractions, specifically the major bands of 40% Fr and 50% Fr, were not detected after chondroitinase AC-II digestion. Therefore, GAG in these bands should be chondroitin sulfates A and/or C. The bands corresponding to that of dermatan sulfate were not detected after chondroitinase ABC digestion. Nitrous acid treat ment removed the components migrated between dermatan sulfate and chondoritin, specifically those in 20% Fr and 30% Fr. Since heparan sulfate and heparin were degraded by this treatment, the components removed by this treatment should be heparan sulfate and/or heparin. However, these components migrated more ... ; 80, 80%iFr. slowly than authentic heparan sulfate, suggesting that these compounds might be partially desulfated and partially depolymerized heparan sulfate.
After the above successive treatments, two or three bands remained in all the fractions.
Of these bands, the fastest moving bands corresponded to that of keratan sulfate reported previously (Futami et al. 1979) , and the slower moving bands might contain glycoproteins.
The above observations suggested that urinary tiA1 ana glycoproteins were mainly precipitated by the following ethanol concentrations: heparan sulfate, 20-30%; chondroitin sulfates A and C, 40-50%; dermatan sulfate, 20-40%; keratan sulfate, 30-70%; glycoproteins, 10-30%. 
